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5、10、15、25 和 35）胁迫处理；②以半红树植物杨叶肖槿（Thespesia populnea 
(L.) Soland ex Corr.）为研究对象，借助构建的植物-土壤系统，进行了为期 100













































率分别为 98.26%、89.58%。在 15 盐度下，该系统对无机氮、无机磷的去除率分































It is crucial to select proper plant materials for construction of coastal wind 
shelterbelts, which can not only tolerant high salinity but utilize nutrients from 
aquaculture wastewater. The salinity tolerance of Tetragonia tetragonoides, a wild 
herb suitable for vegetable, was evaluated through growing ites seedlings under a 
range of salinity (0, 5, 10, 15, 25 and 35). The salinity and pollution tolerances of 
Thespesia populnea, a semi-mangrove speices, were evaluated using a greenhouse 
controlled experiment with constructed plant-soil systems. The annual seedlings of T. 
populnea were treated by different combinations of salinity (0, 15, 35) and 
aquaculture wastewater (with and without aquaculture wastewater) treatments for 100 
days. The following conclusions were obtained: 
1. The biomass and leaf area of plants were the best under 5 salinity treatment, 
but were seriously inhibited by the 35 salinity treatment. The range of salt stress for 
growth of T. tetragonoides was 0~25 salinity, especially 5 salinity, but was inhibited 
by 35 salinity treatment. Compared to the control group, the biomass was decreased 
by 32.2% which indicated T.tetragonoides was a halophyte tolerated hyper-saline. Net 
photosynthetic rate (Pn), stomatal conductance (Gs) and transpiration rate (Tr) of 
T.tetragonoides decreased markedly with increasing salinity; while stomatal limiting 
value (Ls) increased with increasing salinity. The decline of Pn was mainly due to 
stomatal limitations under the 0~25 salinity treatment, but Pn was due to non-stomatal 
limitations under the 35 salinity treatment. Moreover, the higher salinity concentration, 
the earlier time changing from stomatal limitations into non-stomatal limitations. 
2. In the treatment group with no aquaculture wastewater, the basal diameter of T. 
populnea increased under the 15 salinity treatment, but the leaf length and leaf width 
was not influenced. The growth of T. populnea was significantly inhibited by the 35 
salinity treatment. The reason of biomass decrease as salinity increase was that the Pn 
and leaf area of T. populnea were both inhibited by the 35 salinity treatment. The 
decline of Pn was mainly due to stomatal limitations at high salt level. The biomass of 
T. populnea decreased with increasing salinity, but the biomass was still to accumulate 
and even no plants died under the 35 salinity treatment. These results indicated that T. 
populnea could resistant to high salt. Na+ and Cl- allocated to blade was one of 















Cl- at the organ level was observed. The order of Na+ and Cl- accumulation were both 
leaf >shoot> taproot/lateral root under the 15 and 35 salinity treatments. To reduce 
salt damage, the Na+ and Cl- ions absorbed by the roots were transferred to the leaf 
blades for ion regionalization. The tip blight were not occurred until the content of 
Na+ in leaves reached 2.86～4.76%.  
3. In the wastewater treatment group, the basal diameter, leaf length, leaf width, 
leaf area and leaf biomass of T. populnea were enhanced with aquaculture wastewater 
supplied under the 0 salinity, which indicated that T. populnea could resistant to high 
pollution (Total nitrogen 40mg/L, Inorganic phosphorus 18mg/L) and benefit from the 
nutrients in aquaculture wastewater. The reason of biomass enhancement was that leaf 
area and Chl content were increased by aquaculture wastewater. The growth, 
above-ground biomass and nitrogen, phosphorus accumulation in organs of T. 
populnea was promoted under the 15 salinity treatment, but no influence under the 35 
salinity treatment. Salinity-nutrient interactions occurred at the same time but whether 
they ultimately affect the growth of plant depends upon the salinity level. Overall, salt 
was the key in determining responses of T. populnea to aquaculture wastewater 
treatment. 
4. The removal rate by the T. populnea-soil system was 98.26% and 89.58% for 
inorganic nitrogen and inorganic phosphorus respectively under 0 salinity, but 
changed to 92.92% and 96.60% under 15 salinity, and then to 77.63% and 97.80%, 
under 35 salinity. Thus, the removal of inorganic nitrogen decreased with salinity 
increased, but the removal of inorganic phosphorus even increased with salinity 
increase. 
In conclusion, T. tetragonoides can resistant to high salt, which makes it an ideal 
plant species for cultivation in coastal areas. T. populnea can resistant to not only high 
salt but high pollution of aquaculture wastewater, which suggests that T. populnea is 
ideal plant species for constructing coastal wind shelterbelts where high salinity and 
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第一章 前 言 
 1
第一章 前 言 
1.1 沿海防护林 
1.1.1 国内沿海防护林概况 




阶段，而早期 50 年代，零星营造海防林，比如 1949 年，首先在烟台地区营造防
风固沙林，50 年代中期通过山东、江苏、福建等省营造黑松（Pinus thunbergii）、
刺槐（Robinia pseudoacacia）、木麻黄（Casuarnia equisetifolia）等，建立近 4000 Km
长的海岸基干林带[4]，并对海防林树种选择、造林技术、结构功能、消浪等方面
的研究取得显著的研究成果[5]。20 世纪 80 年代，我国海防林进入恢复阶段，该
阶段海防林建设从单一的海岸林带建设向带网片结合的方向发展，从粗放经营向
集约经营方向发展，从一般化的指导向任期目标管理的方向发展。据统计到 1986
年底，我国绿化海岸线为 7203 Km，海防林总造林面积为 7743 Km [6]。90 年代，
我国海防林建设进入体系建设，注重科学治理，编制总体规划，逐步实现科学化、
规范化，因地制宜，立体开发。1990 年底，我国共营造海岸基干林带 10639 Km，






































黄×刚果 12 桉（Eucalyptus 12# ABL）、木麻黄×湿地松（Pinus elliottii）混交林可
有效的提高防风能力，增加土壤营养物质[15]；李杏芳（2007）研究表明，不同混
交造林方式下木麻黄混交林能有效地降低沿海风速，风速下降可达 88～89%，林





























现养殖 1 t 鱼时，养殖水体和底泥外排的总悬浮固体为 9104.57 kg ，颗粒有机物
质为 843.20 kg，生物耗氧量为 235.40 kg，铵态氮为 36.41 kg ，亚硝态氮为 4.95 














相当[23]。整个厦门西域仅网箱养殖鱼类排放的氮磷负荷量分别达 313.9 t和 74.0 t，
占整个厦门海域主要养殖生物的氮磷排放量的 42.6%和 34.3%。靳祖雷等（2011）
估算柘林湾网箱养殖产生的环境氮磷总负荷，结果表明 2006 年网箱养殖产生的
氮负荷为 2760.39 t，磷负荷为 679.11 t[24]。颉晓勇等（2011）对广东省海水养殖
过程中氮磷的环境污染负荷量估算发现，2008 年广东省对虾池塘养殖氮磷的环
境污染总负荷量分别为 11912.0 t 和 2626.8 t；海水鱼类池塘养殖氮磷的环境污染
总负荷量分别为 8673.4 t 和 1831.3 t；海水鱼类网箱养殖氮磷的环境污染总负荷
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